Transportation infrastructure is a scarce public good whose efficient and equitable allocation is the responsibility of planning agencies. In contrast, land development, although to some extent regulated by these agencies, is primarily under the control of the private sector. Often, the supply and development of infrastructure lags behind urban land development. Most cities experience the phenomenon of urban sprawl that results in negative transport externalities, including congestion, air pollution, and road safety problems. In order to protect the public interest and to guide and control development efficiently, planners have to be aware of the complex land-uset ransportation interrelationship through access to reliable impact-assessment tools.
firm location, and other activities (Kelly, 1994; Moore and Thorsnes, 1994; Ryan, 1999; Stover and Koepke, 1988) . On the other hand, the spatial distribution of activities generates the demand for trips which affect the supply and distribution of transportation facilities and infrastructure (Giuliano, 1995a; Macket, 1994) .
For the past three decades planning practices have exposed this problematic cycle. Back in the 1960s and early 1970s transportation planners argued that they were`not in the land-use development business'. Nevertheless, they planned transportation infrastructure based on a given spatial distribution of observed or predicted land uses, disregarding the impact of these transportation systems on land development and the consequences of these developments on the effectiveness of the planned transportation infrastructure. On the other hand, land-use planners acting on behalf of market forces and local governments, unaware of these interdependencies, encouraged land development with little understanding of the transportation repercussions (Deakin, 1991a; Gakenhiemer, 1993; Hanson, 1995) . These planning practices result in the separation of and lack of coordination between transportation planning and land-use planning. Transportation engineers and land-use planners both lacked professional understanding and knowledge of the phenomenon of widespread suburban development, fueled by the improved accessibility provided by new transportation facilities. The end result was the continued sprawl and suburbanization of urban areas at the cost of inner-city deterioration, accompanied by the dominance of the private automobile and the concomitant reduction in the level of service provided by public transportation, and environmental degradationöparticularly the level of air quality. These trends further emphasized the social and environmental cost of the misunderstood recursive process associated with the lack of knowledge regarding the interrelationship that exists between land development and the transportation system.
In recent years, land-use planners have become aware of the impact of land development on trip patterns. This trend revealed itself in studies such as neourbanism (Crane, 1996) , jobs^housing balance (Levine, 1998), transit-oriented development (TRB, 1995) , and mixed land uses (Cervero, 1988; . Transportation planners are abandoning their traditional goal of maximizing automobile mobility, adopting instead new approaches, such as system and demand management (Deakin, 1991b) , congestion pricing and parking fees (Wachs, 1990; 1993) , transit, walking, and cycling. Notwithstanding these developments, the absence of a comprehensive and operational land-use and transportation model implies that most policy decisions are still taken under limited knowledge and uncertainties. The planning decisionmaking process requires reliable operational models for improved management and control of landdevelopment proposals. One such tool is the`transportation impact statement' (TIS), an approach and technique that stand at the fore of this study. Review of the literature Land-use^transportation relationships have been studied, theoretically and empirically, under two different paradigms: behavioral applied economics and normative engineering (Guiliano, 1989; Handy, 1992) . The division between these two approaches clearly reflects the reciprocal influences of land use and transportation and the gaps that exist in the professional capabilities of engineers and planners.
Theories of transportation and land use
The first paradigm is advanced by location theory developed by urban and regional economics. It explains the impact of changes in transportation user costs on the value and intensity of land development. This approach is based on the monocentric-city model (Alonso, 1964; Mills, 1972; Muth, 1969; Wingo, 1961) , which shows how a reduction in transportation costs induces residential and business development at the urban fringe (stimulating urban sprawl), while intensity of land development declines appreciably (Deakin, 1991c) . The second approach,`transportation planning', based on normative engineering criteria, explains the impact of land-use distribution on trip generation and travel demand, and on the performance of the transportation system (Pas, 1995; Sheppard, 1995; Stopher and Meyburg, 1975) . Transportation planning uses a set of models consisting of four main sequential steps that simulate traffic and passenger flow on the urban^regional transportation system. The attempt to link these two approaches is reflected in the attempt to develop comprehensive urban models (Berechman and Small, 1988; Wegener, 1994) . Some wellknown examples are Putman's composite modelöITLUP (1983; and Anas's unified modelöCATLUS (1984) . The complexity of these models, in terms of the amounts of data needed and the mathematical computations necessary to simulate urban trends, testify to the complexity of the urban environment. Furthermore, they reveal the difficulty in working with a simple theoretical framework when reality is much more complex.
Empirical studies of transportation and land use
Empirical results concerning the relationships between transportation and land use reveal that changes in transportation costs influence land-development patterns, just as location theory predicts (Adkins, 1959; Czamanski, 1966; Mohring, 2002) . Nonetheless, the influence of transportation depends on other factors as well, especially the overall planning policy (Hansen et al, 1993) . Evidence shows that transportation improvements (predominantly roads) are necessary conditions for the development of suburban communities, but planning and land-use policy are, in fact, sufficient conditions (Deakin, 1991a) . Research shows that little development occurs, and related negative externalities including congestion and air pollution are reduced, when landuse planning policy does not call for extensive land development. Furthermore, transit could be an effective means of influencing travel behavior and land-development patterns if local and regional planning is coordinated with transportation planning. One of the positive historical examples is the San Francisco Bay Area Rapid Transit (BART) system that virtually saved the city's downtown area from stagnation in the early 1970s (Cervero et al, 1995) . The importance of BART to the San Francisco metropolitan area was further emphasized during the brief periods when the system was shut down and chaotic gridlocks and traffic jams ensued. Empirical evidence supports the hypothesis that people are willing to use transit, and that improvement in accessibility attracts developers, when land-use planning and zoning policy support transit-oriented development [for example, New York City's high densities and large share of transit (Cervero and Landis, 1995) ]. However, because urban environment is not amenable to fast changes, it is difficult to influence and change travel behavior and development patterns in built-up areas (Giuliano, 1995b) . This is the principal reason why travel behavior and auto-dependent suburbs are often impossible to change, as is shown in some metropolitan areas where the provision of transit has had little influence on travel behaviour (for example, Miami).
A practical framework of transportation and land use
Research and practice acknowledge that the links between land use and transportation are extremely complex. Furthermore, they behave like`wicked systems' (Webber and Rittel, 1973) , whose influencing variables and their magnitudes are still a mystery. Despite the advances in theories and models, there are still a lot of unknowns, which make it necessary to imply some sort of operational framework. The framework developed in this paper has two components: theoretical and empirical.
Theoretically, the mutual influences between transportation and land use can be divided into three recursive phases, as shown in figure 2. In the short run, infrastructure improvements that reduce perceived user cost influence changes in route and mode choices and cause a decrease in transit use and the lowering of safety and environment quality. In the long run, shifts in land uses occur, that is, relocation of residents and businesses from congested to less congested areas (transferred trips). This shift encourages further road improvement that may result in another phase of transit-use decline and further environmental damage. In the long run, the road improvements that provided improved accessibility may cause relocation of businesses and firms.
The absence of an acceptable and complete transportation and land-use linkage is further exacerbated by the absence of operational models. Evidence shows that current transportation planning is restricted, especially by the strong assumption of fixed demand (TRB, 1995) . Recursivity is built-in in most urban comprehensive models. However, their oversimplifications of the urban development process limit their applicability as practical decision-aiding tools. Attempts to bridge this gap have led to the adoption of practical approaches in which improved models are used. Cambridge Systematics's LUTRAQ model is a good example of the implementation of such a practical approach (Cambridge Systematics Inc. et al, 1991 ). The LUTRAQ model utilizes an improved four-step travel-demand model to test different land-use and transportation policies in Portland, Oregon, including a transit-oriented development plan and a beltway-improvement initiative. The results show that the share of nonmotorized travel modes would improve if transit-oriented development measures were implemented.
LUTRAQ and its antecedents forsake the recursive linkages between land use and transportation to some extent. However, combining development policy goals together with extensive knowledge of the urban context could provide a sufficient and acceptable modeling alternative to a full endogenous recursive model system. This conclusion is important for asserting the use of existing models and tools for planning decisionmaking, which form the foundations of TIS methodology and analysis procedures.
Transportation impact statement
The transportation impact statement (TIS) is a new approach in which transportation is perceived as a public good that is overconsumed. The purpose is to assess the impact of land-use development on the performance of the transportation system, analogous to an environmental impact statement (EIS). The objective of the TIS is to reduce the adverse effect of land-use development on the transportation system, either by reducing the number of trips generated by the proposed land development or by shifting some of the burden of funding needed for infrastructure expansions to the developers. As a planning tool, the aim of a TIS is not limited simply to a static impact assessment, rather it is a planning tool to evaluate and select among alternative mitigation schemes. The TIS proposed here is an approach that assesses the overall regional development planning policy and fosters coordination between transportation and land-use development.
The concept of the TIS was developed in response to the continuing uncontrolled urban sprawl together with the allocation of scarce resources for infrastructure development. Under these circumstances, many urban communities initiated programs requiring land developers to pay development-impact fees designated for infrastructure improvement (Moore and Thorsnes, 1994; Parker, 1991) . The form and content of transportation-impact analyses has changed extensively over the past fifteen years. From site analysis, which emphasized local conditions, TIS developed into a broader regional^system perspective. Review of common practices in the United States reveals that the main objective of transportation planning remains the provision of acceptable levels of service for the automobile. Other modes of travel, including transit and nonmotorized modes, receive only marginal consideration (see, for example, the assortment of papers on existing practices in Passwell, 1992) . The main criticism of site analysis is that it contributes to site-related road infrastructure solutions (widening of roads or junctions), which would subsequently encourage more dispersed development. Its outcome is dispersed development projects augmented by local transportation improvements, which subsequently encourage urban sprawl and the continuation of car-dependent transportation.
In Britain and Australia, more attention is given to regional transportation impacts (IHT, 1994; RTA, 1995) . Recently, the British Department of the Environment, Transport and the Regions issued new regulation guidelines stressing sustained accessibility by all modesönot only by the automobile (IHT, 1994) . Most site analyses do not employ computerized assignment models and therefore relate only to local impacts, without taking into account regional impacts on route and mode choice. Nevertheless, there is a greater tendency today to use regional models in order to estimate the impact of local land-development projects on regional transportation system better.
Methodology
In this paper we present an attempt to explore the potential benefits of TIS as a land development planning tool in Israel. The empirical analysis is based on a case study of the southern entrance to the city of Haifa, the third largest metropolitan area in Israel and a major employment center. Figure 3 shows a map of the city of Haifa and figure 4 an enlargement of the study area. Haifa is suffering from rapidly increasing urban sprawl and urban-core stagnation, accompanied by increasing auto dependency and transit marginalization. Sprawl is influencing not only residential locations but also nonresidential activities, such as employment and business centers. In this respect, although situated in a different political, social, and economic context (for example, lower overall motorization rates and household incomes, different legal framework, etc), Haifa trends are similar to the trends observed in most North American cities. Furthermore, during the past decade, which was characterized by high rates of growth, local development initiatives received considerable support from planning agencies at the expense of metropolitan planning goals and objectives (for example, sustained transportation and land-use development). Although any attempt to transfer these results should be carried out with great caution, it is the authors' opinion that the Haifa case study reflects positively the current trends and planning dilemmas in other cities in the developed world.
The study area is one of the largest growing nonresidential land uses in the metropolitan area. Despite intensive land-use development, the area is characterized by inadequate transportation facilities and continuously declining levels of service. We investigated the impact of current and proposed development projects on the local and regional transportation networks, and outlined the planning implications. Different scenarios were tested, composed from several components.
The land-use component
Three land-use alternatives were developed for the study area: base case, short-term development, and long-term development. The base case assumes no further development in the area, and it includes a freeze on all current development plans. The short-term and long-term development horizons, also referred to as`business as usual', include a variety of proposed projects for the areaömainly employment centers (a high-tech park) but also shopping centers, hotels, and recreation. It is estimated that an additional 500 000 m 2 of development in the short run and 1.3 million m 2 in the long run will be added in the area Transportation impact statementshown in figure 4. Thus it is to be expected that these new developments will be a major source of trip generation. It was further assumed that the short-run development program would be completed by 2005, and the long-run program by 2015. Table 1 presents the additional building space of the proposed developments and the estimated number of trips generated in the short and long runs by traffic zones.
The transportation-network component
The analysis was performed for the morning peak hour (0700^0800) for two time periods: 2005 (short run) and 2015 (long run). (1) For the transportation infrastructure, we adopted the highway and transit networks of the Metropolitan Planning Organization (MPO). Because infrastructure development was predicted to be slow, we assume a conservative amount of new infrastructure development by the year 2015. Projects that are not even in the initial stage of planning were not included in the 2015 transport network, except for two projects that may have a significant impact on the study area: the Carmel Tunnelsöa proposed underground toll throughway that will connect the western coast with the employment zone in the bay of Haifa to the east (see figures 3 and 4), and the Frued Road Bypass which connects the southern entrance and western neighborhoods to the coastal freeway (see figure 4) .
The transportation-policies component
In addition to the expected changes in the transportation infrastructure, the implementation of three types of transportation policy scheme was investigated: (a) no intervention, (b) minimum intervention, and (c) extensive intervention. The last two schemes represent different combinations of travel-demand management (TDM) strategies and transitimprovement programs. The`minimum-intervention' scheme consists of increased parking fees and reduced parking availability; this will result in parking search times being increased in the study area by 3 minutes. The`extensive-intervention' scheme includes a (1) The evening peak hour was not analyzed as it is missing from the MPO databases. A full analysis must also take into account evening peak hour traffic, which is different from morning peak hours in terms of trip purposes and general traffic conditions. However, the worst traffic conditions usually occur in the morning peak hour.
toll fee for cars entering the area and the construction of a high-frequency cable car connecting the area with the residential neighborhoods on Mount Carmel.
The demand component
Two travel-demand alternatives were evaluated. The first, referred to as the`growth alternative', is based on the assumption that trips generated by the proposed development projects in the study area would be added to the total number of trips in the metropolitan area. The second, referred to as the`redistribution alternative', is based on the assumption that the additional trips in the study area would be at the expense of trips in other areas in the metropolitan region.
Analysis tools
In the present study, we used a combination of models to analyze the effect of land development on the transportation infrastructure. For trip generation and distribution, we use assumptions developed specifically for this study. For mode choice and traffic assignment we use the MPO travel model, networks, and data. These assumptions and models are discussed below with some details.
Trip generation
In the absence of reliable Israeli trip-generation figures, trip generation for the proposed developments was estimated using the US Institute of Transport Engineers (ITE) manual of trip generation (ITE, 1991) . Because ITE estimates vehicle trips, and not persons, an occupancy-loading factor was used to convert these figures to person trips. Trip generation was calculated based both on numbers of employees and on floor space, and in each case the lower estimate of the two was adopted to compensate for possible bias between Israeli and US figures. ITE data were adopted because of their completeness and extensive distinctions between different land-use types. (2) Trip distribution For trip distribution it was assumed that the new development would attract its occupants from all areas of the city of Haifa and its suburbs in proportion to their current locations. As mentioned above, the proposed land development was analyzed under two demand alternatives: growth and redistribution. The redistribution alternative was derived by proportionally decreasing all zone destinations to match the total demand. Given the current origins of trips and the new assumed destinations, the origin^destination matrix was obtained by means of the Fratar method. The Fratar method estimates a new trip table based on a base case trip table such that new total origins and destinations are satisfied. For a more detailed description of the method see, among others, Papacostas and Prevedouros (2001) . The largest decrease in number of trips was found in the city center and in the Haifa Bay employment area.
Mode choice and trip assignment
Mode choice and trip assignment were carried out using the MPO's model system that includes an iterative process of mode choice and trip assignment for cars and transit (bus and commuter rail). The mode-choice model is a nested-logit model with two main modes at the highest level: auto and transit. The second level of the nest determines the choice of transit mode as bus or suburban rail, and a third level determines the access mode as bus, walk, or park and ride.
(2) Because of the lack of local data and procedures it is common in Israel to adapt US standards and procedures. For example, the US Highway Capacity Manual is often used by Israeli transportation engineers. The lower of the two methods of calculating trip generation was used, as trip rates in Israel are expected to be somewhat lower than in the USA because of the lower motorization rate and higher transit share in Israel.
Model outputs
Different scenarios representing different combinations of the four components discussed above were run. The different scenarios were evaluated based on the level of service (LOS) on the road network and changes in mode shares. A series of indicators was calculated for each scenario: mode shares, vehicle kilometers traveled (VKT), vehicle hours traveled (VHT), average speed, volume^capacity ratios, and travel times to the study area. Network maps showing volumes and volume^capacity ratios were also produced. A measure of excess demand on the transportation network was calculated for each alternative using a novel procedure for identifying users on congested links. This procedure estimates the`holding capacity' of the study areas in terms of the number of generated trips, thus quantifying the ability of the road and transit networks to cope with the forecast demand.
Results

Base case
Evaluation of the`base-case' scenario that does not include the proposed land development showed that in the short run (year 2005) the existing transportation network will be capable of coping with the demand. However, in the long run (year 2015), LOS will decline and travel times to the area will increase. Mode shares reveal high usage of cars (60%) and transit is provided mainly by bus.
Business as usual
Both for the growth alternative and for the redistribution alternative, the volumes of trips in the study area are expected to increase by 20%^25%, both for the short run and for the long run. Travel times to the area will increase by 5^10 minutes on average. LOS will decline substantially and many links in the area will reach LOS E or F (meaning volume to capacity ratio of above 1.25). In the long run, the transportation system will be incapable of accommodating the expected demand.
Comparison of the regional differences in traffic volumes between the`businessas-usual^redistribution and the base-case scenarios show that the growth in the number of trips attracted to the study area increases the loading of the main arteries to the area, especially the Carmel Tunnels. The increase in traffic flows to the study area is offset by a declining volume of trips in the downtown area and the Haifa Bay. This implies that travelers are switching from those areas to the study area.
Mitigation measures
For the minimum-intervention scheme, the results showed that, in comparison with the no-intervention scheme, traffic volume on the local roads falls by 10%^15% in the short and long run, and travel times decrease by 3^6 minutes (a net change after accounting for the increase in parking times). However, LOS is still low with high congestion in the Carmel Tunnels. The share of auto trips to the study area in the long run (2015) falls from 61% to 48%. Rail share increases from 9% to 25% and bus share decreases from 30% to 27% approximately.
Evaluation of the extensive-intervention scheme was carried out for the long run (year 2015) only. The results for this scenario show a reduction of 15%^20% in highway volumes in the study area and reduction of about 8 minutes in travel times. However, LOS is still poor in the area and congestion is widespread. Auto share decreases to 45% and bus and rail shares increase. Table 2 summarizes the impacts of the analyzed scenarios for the redistribution alternative in the long run (2015) .
Estimation of excess demand
The results of the transportation assessment indicate that there is considerable congestion on the road network (even with improved transit services) which results in negative externalities. One way to limit the excess demand is through reallocation of land uses, for example, reducing employment concentrations and mixing workplaces with residential land uses. Given the infinite number of possible reallocations of land uses, a method for quantifying the extent of excessive demand is appropriate.
Following a suggestion to assess network capacity (Gur, 1999; Gur et al, 1996) , excess demand was estimated on congested links (those links with volume to capacity ratios above 1.25) by means of a procedure of user identification on links of interest. An Emme/2 software program was utilized for this evaluation (Kheifits and Ben-Elia, 1999), which identifies trips on congested links according to origin and destination. This procedure was employed for all transportation scenarios. The results show that for the short run (year 2005) excess demand is negligible. Nonetheless, in 2015 the amount of excess demand in the study area is significantöup to 30%. This result indicates heavy congestion conditions and in the long run this is likely to result in trips being diverted to other areas, consequently promoting further urban sprawl.
The shift to transit in the intervention schemes reduces excess demand by a third to a half of its original size in the no-intervention and business-as-usual scenarios. This emphasizes the importance of introducing TDM strategies, including transit improvements, in the planning stage. However, even this reduction is not sufficient to clear the bottlenecks in the network. Therefore, our conclusion is that the proposed development is truly unrealistic given the holding capacity of the transportation system, and that planners should explore alternative plans for the area.
Conclusions
The main conclusion from this study is that, regardless of the specific urban context and the empirical results obtained, the operational procedure proposed for assessing land-use development impact on the transportation system has significant potential as a planning tool and merits additional testing in other urban settings across the world.
From an empirical point of view, the method used in this study has several drawbacks. (1) An important factor influencing the results is the use of land-use trip-generation rates. Because no reliable data were available from Israeli sources, US rates were used. This could have a biased effect on the results. (2) The analysis was carried out only for the morning peak hour. No analysis was done for other periods of the day, especially the evening peak hour (because of lack of available data). Therefore, the results reflect only the morning conditions and not the conditions in other periods of the day.
(3) The mode choice and assignment models were not fully calibrated to match traffic counts. (4) Because there is no experience with the suggested procedure in evaluating excess demand, the results should be treated with caution. Although the proposed procedure is to some extent limited, there are nevertheless some practical conclusions that can be drawn regarding planning practices and policies.
(1) It is clear that transportation impacts should be taken into account by decisionmakers when approving plans for development. The long-run transportation-impact assessment shows that the scope of the Haifa land-development plans is unrealistic. In this case, decisionmakers should suggest and explore different land-use patterns that better fit the capacity of the transportation system (for example, mixed land uses and jobs^housing balance).
(2) It is evident that the planning of the study area could benefit significantly from the integration of transit and TDM strategies into the proposed plans. This will strengthen the claim raised here, and expressed in the literature, that urban planning and transportation planning practices should not be disjointed but, rather, jointly determined. (3) The transportation impacts of the proposed land development plans in the long run are quite disturbing. The redistribution alternative in the business-as-usual scenario showed that a probable result is the transfer of trips from the city center and Bay Area to the study area. This indicates that the urban core will lose its strength and attraction, and will continue to deteriorate. As traffic conditions worsen, in the long run a new wave of urban sprawl will ensue, encouraging people and activities further away from the city center towards the urban fringe. This will have a significant negative impact on the quality of life and the strength of the city of Haifa.
From these conclusions it is clear that the expected role of the TIS should be a micro^macro-level gatekeeper, whose responsibility is to ascertain that land-development proposals meet with the overall metropolitan planning and development policy. This will reinforce the integration between the local microlevel and the regional macrolevel policies and goals, and promote coordination between the long-term goals of transportation planning and land-use development plans. The results are specific to the case study city of Haifa, and any transfer should be done with great caution. However, it is our belief that, given the general trends in the city of Haifa, the more general conclusions regarding the role of TIS are applicable to similar size urban areas in other developed countries.
